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Abstract

Cross-border e-commerce (CBEC) is a driving force behind international trade and corpo-
rate upgrading in the era of global digital transformation. This research aims to investigate
the extent to which the establishment of China’s Cross-Border E-Commerce Comprehen-
sive Pilot Zones (CBECPZs) expands the innovation boundaries of firms. We employ
a multi-period difference-in-differences (DID) model to analyse panel data for Chinese
A-share listed companies from 2010 to 2023, viewing the phased introduction of CBECPZs
as a quasi-natural experiment. The empirical results indicate that the establishment of
CBECPZs substantially expands the innovation boundaries of firms, as evidenced by an
increase in patent applications in new technological domains. This finding is confirmed
by parallel-trend checks, propensity-score-matching DID, placebo testing, and double-
machine-learning calculations. The mechanism analysis shows that CBEC mainly fosters
innovation by improving enterprises’ digital-marketing capacities, reducing information
asymmetry, promoting technology spillovers, and encouraging human-capital investment.
In addition, the strategy promotes innovation more effectively for eastern Chinese compa-
nies, high-technology firms, and non-state-owned enterprises. This study provides micro-
level evidence from China regarding the innovative effects of cross-border e-commerce and
clarifies how digital trade redefines organisational innovation parameters. In doing so, it
offers both theoretical and practical insights for policymakers refining CBEC regulations
and businesses leveraging digital platforms for innovation advancement.

Keywords: cross-border e-commerce; innovation boundaries; digital marketing; information
asymmetry; technological spillover; human capital

1. Introduction

In the evolving global economy, the digital revolution now serves as a key factor
in transforming both international economic structures and operational business frame-
works [1]. Recent developments in information technology, particularly the rapid expansion
of e-commerce, big data analytics, and cloud computing platforms, have greatly changed
the way firms operate, create value, and compete in the market [2]. Within this broader con-
text, the field of international trade has also undergone a profound digital transformation,
and one of the most notable recent developments has been the rapid rise of cross-border
e-commerce (CBEC). CBEC, as an innovative international commerce model, enables com-
panies in different nations or regions to directly engage in online transactions, payment
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settlements, and cross-border logistical delivery using the Internet and digital platforms [3].
It is not only a manifestation of the deep integration between the digital and real economies
but also a key driver of global trade growth and an important engine for restructuring
global value chains.

Compared with traditional international trade models, one of the most distinctive
features of CBEC is its ability to overcome the constraints of geography and physical
distance. Digital technologies have provided firms, particularly small and medium-sized
enterprises (SMEs), with an unprecedented ability to reach global markets. Through e-
commerce platforms, firms can operate around the clock, employ online advertising and
social media for targeted marketing, and take advantage of increasingly sophisticated
global logistics networks to simplify product distribution [4]. This transformation has not
only lowered the barriers to international trade but also significantly facilitated the free flow
of capital, information, and goods worldwide [2]. The application of emerging technologies
such as blockchain has further enhanced the transparency and efficiency of cross-border
e-commerce supply chains [5]. Therefore, cross-border e-commerce is no longer merely a
channel innovation but has evolved into a disruptive force profoundly reshaping firms’
strategies, organisational structures, and operating models [6].

In the increasingly challenging and uncertain global market environment, innovation
has become a key driver of firms’ long-term competitiveness and sustainable develop-
ment. However, firms’ innovation activities are not random or unconstrained; rather, they
are bounded by their existing knowledge bases, technological capabilities, and cognitive
frameworks—collectively referred to as the “innovation boundary” [7,8]. The innovation
boundary can be understood as the scope within which a firm engages in innovative explo-
ration, particularly reflecting its ability and willingness to extend into new technological or
knowledge domains. Limiting business operations to existing technological trajectories and
knowledge domains through incremental or exploitative innovation may reduce short-term
risks, but in the long run, it tends to cause technological lock-in and core capability rigidity,
leaving firms vulnerable to disruptive technological shocks. In contrast, continuously
breaking through and expanding the innovation boundary to engage in exploratory in-
novation across new technological domains is crucial for firms to discover new growth
opportunities, build dynamic capabilities, and enhance environmental adaptability and
organisational resilience [9,10].

However, expanding the innovation boundary represents a major challenge for firms.
It requires companies to overcome cognitive limitations and organisational inertia, and
to effectively acquire, integrate, and leverage heterogeneous external knowledge and re-
sources. This issue lies at the heart of the organisational theory literature on “boundary
spanning,” which examines how firms connect and exchange knowledge across internal
and external boundaries [11]. A growing body of research has shown that effectively
spanning knowledge boundaries within and across organisations is a key driver of in-
novation [12,13]. Firms therefore need to establish connections with diverse external
actors—such as customers, suppliers, competitors, and research institutions—to access
new knowledge, ideas, and technologies [14]. However, many firms face an “innovation
dilemma” in practice, struggling to balance the refinement of existing business strategies
with the exploration of new opportunities. This dilemma often results in the rigidification
of innovation boundaries [15].

Here a key question arises: can cross-border e-commerce, as a business practice
deeply embedded in the ongoing waves of globalisation and digitalisation, help firms
overcome their internal knowledge and technological barriers and effectively expand their
innovation boundaries? Although a considerable body of literature has examined the effects
of CBEC on firms’ export performance [16], supply-chain management [17], and market-
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entry strategies [18], the internal link between CBEC and the expansion of firms’ innovation
boundaries—particularly the underlying mechanisms through which CBEC affects such
expansion—has not yet been adequately theorised or rigorously tested empirically.

China, as the world’s largest e-commerce market and a major manufacturing power,
has witnessed particularly rapid growth in CBEC, which has attracted significant attention
and policy support from the national government. Since 2015, the Chinese government
has successively established a series of Cross-Border E-Commerce Comprehensive Pilot
Zones (CBECPZs). These pilot zones are designed to promote institutional, managerial,
and service innovations that create a more facilitative and regulated policy environment
for the development of cross-border e-commerce. Specific measures include simplifying
customs clearance procedures through a “single window” system, offering tax incentives,
and improving logistics and payment infrastructures. The implementation of these policies
has substantially reduced the institutional and operational barriers faced by firms engaging
in cross-border e-commerce within the pilot zones, thereby providing an excellent quasi-
natural experimental setting for observing the deeper impacts of CBEC on firm behaviour.

This paper, using the establishment of CBECPZs in China as a quasi-natural exper-
iment, employs panel data from Chinese A-share listed firms spanning 2010 to 2023 to
construct a multi-period difference-in-differences (DID) model, thereby examining the
policy’s impact through a rigorous empirical framework. The study is designed to tackle
three core issues: (1) whether the establishment of CBEC Pilot Zones has substantially
stimulated innovation activities among firms located within these zones; (2) if there is a
positive impact, what fundamental mechanisms enable CBEC to drive firms’ innovation;
and (3) whether this promotive effect, if confirmed, demonstrates heterogeneity across
different firms and regions.

This study aims to make several contributions to the existing literature by system-
atically addressing the aforementioned questions. First, at the theoretical level, this
study extends the research perspective on CBEC beyond traditional trade performance
indicators—such as export volume and export resilience—to the deeper dimension of firms’
innovative behaviour, particularly the expansion of innovation boundaries. This not only
enriches the literature on the economic consequences of CBEC but also offers a new the-
oretical explanation for how international trade influences firm innovation in the digital
economy era. Moreover, the study contributes to the literature on innovation boundaries
by identifying a new driving force—policy-driven digital trade practices—as an impor-
tant external mechanism that enables firms to overcome knowledge barriers and pursue
exploratory innovation. Second, at the empirical level, by exploiting the quasi-natural
experiment of the Comprehensive Cross-Border E-commerce Pilot Zones and employ-
ing a multi-period DID model, this study provides a more accurate identification of the
causal effect of CBEC development on firms’ innovation-boundary expansion. The find-
ings demonstrate robust causal efficacy and reveal substantial policy implications, while
overcoming potential issues of sample selection bias and reverse causality that may have
affected previous studies. Third, at the practical level, the findings of this study provide
important implications for both government policymaking and corporate strategy. For
policymakers, the results offer empirical evidence for assessing the innovation effects of
CBEC-related policies, suggesting that promoting CBEC development is not only a way to
stabilise foreign trade but also an effective means of stimulating firms” innovation vitality
and facilitating industrial upgrading. For business managers, this study reveals that the
strategic value of CBEC extends far beyond the expansion of sales channels. Firms should
leverage CBEC as a strategic platform for gaining global market insights, learning cutting-
edge technologies, and upgrading human capital, thereby systematically enhancing their
innovation capability and long-term competitiveness.
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2. Literature Review and Research Hypotheses
2.1. Literature Review
2.1.1. Cross-Border E-Commerce and Firm Behaviour

CBEC has become a central concern in scholarly discourse, signifying a substantial
convergence of digital technology and international trade. Initial studies predominantly
concentrated on the developmental models, motivating factors, and obstacles associated
with CBEC [19,20]. As research in this area has progressed, increasing attention has been
paid to the impact of CBEC on firms’ micro-level behaviours. A number of empirical
studies have confirmed that CBEC can significantly enhance firms’ export scale, scope,
and resilience [16]; reduce the barriers to entering international markets [4]; and improve
supply chain management and logistics efficiency [17,21]. Recent evidence also suggests
that CBEC facilitates product and process innovation by enabling firms to access global
market information and real-time consumer feedback through online platforms [22,23].
However, most of these studies have tended to focus on incremental or adaptive innovation
within existing product lines, with relatively little attention paid to whether CBEC can
drive more fundamental, technology-crossing innovation [24].

2.1.2. Firms’ Innovation Boundaries

The concept of the “innovation boundary” originates from organisational learning and
innovation management theory and describes the range and diversity of a firm’s knowledge
base [25]. According to this line of research, firms’ innovation activities tend to exhibit
strong path dependence, with a preference for exploitative innovation within existing
technological trajectories. In contrast, exploratory innovation, which involves venturing
into entirely new technological domains, is characterised by greater uncertainty and risk
and requires firms to transcend their existing knowledge boundaries [26]. Expanding the
innovation boundary is crucial for firms’ long-term development, as it enables them to
escape technological lock-in and seize opportunities arising from emerging technological
paradigms [15].

Contributions to the literature have identified multiple factors influencing the expan-
sion of firms’ innovation boundaries, including internal elements such as R&D strategy,
organisational structure, and absorptive capacity, as well as external conditions such as
knowledge networks, university—industry collaborations, and market environments [12,14].
More recently, digital transformation has been increasingly recognised as an important
driver of innovation-boundary expansion [7]. As a concrete manifestation of digitalisation
in the domain of international trade, CBEC provides a valuable context for investigating
how digital trade practices may influence firms’ innovation boundaries.

2.2. Research Hypotheses

CBEC is essentially a profound form of boundary-spanning practice. It not only
transcends geographical boundaries by enabling firms to offer products and services to
global markets but also crosses organisational and cultural boundaries, allowing firms
to interact directly with consumers, suppliers, and partners worldwide. We argue that
such boundary-spanning characteristics can expand firms’ innovation boundaries through
multiple mechanisms, which are grounded in relevant theoretical frameworks.

First, CBEC generates globally diversified market-demand information. Compared
with traditional export models, CBEC enables firms to directly access end consumers and
to obtain rich, real-time, and low-cost information on product preferences, usage scenar-
ios, and latent needs through online reviews, social media interactions, and sales data
analytics. As noted in the literature, heterogeneous demand from different cultural and
market environments serves as an important stimulus for new-idea generation and product
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improvement, ultimately broadening firms” market and product innovation boundaries.
This process is underpinned by Boundary Spanning Theory, which explains how firms
engage with diverse external environments, such as global markets, to stimulate inno-
vation [27]. Second, CBEC intensifies global competition pressures [28]. Firms engaged in
CBEC compete not only with domestic peers but also with international counterparts. This
intensified competition forces firms to continuously upgrade technologies and innovate
business models in order to sustain product differentiation and market attractiveness.
Such processes of learning by doing and learning from competing encourage firms to seek
technological breakthroughs and to extend their technological innovation boundaries [29].
Third, CBEC promotes open innovation. In operating CBEC activities, firms are required to
collaborate with multiple types of external partners, such as digital platforms, international
logistics providers, overseas warehouse operators, and digital marketing agencies. These
cross-organisational collaboration networks provide firms with valuable channels to ac-
quire external knowledge and technologies [30]. For example, through cooperation with
technology platforms, firms can access advanced data analytics tools; through collaboration
with marketing agencies, they can learn the latest digital marketing strategies. The inflow
of such external knowledge helps to break internal knowledge barriers and expand firms’
organisational innovation boundaries [31].

Therefore, we put forward the following hypothesis (H1): The establishment of Com-
prehensive Cross-Border E-commerce Pilot Zones significantly expands the innovation
boundaries of firms within the zones.

The establishment of CBECPZs provides a valuable institutional setting for exploring
the mechanisms through which CBEC influences firms’ innovation boundaries. We identify
four key mediating mechanisms—digital marketing capability, information transparency,
technology spillover, and human capital investment—through which CBEC may facilitate
firms’ innovation boundary expansion.

First, CBEC enhances firms’ digital marketing capabilities, which constitute a core
component of cross-border operations [18]. Digital marketing strategies, such as search
engine marketing, social media marketing, and content marketing, facilitate precise tar-
geting, permit real-time engagement, and offer measurable effectiveness, capabilities that
traditional marketing methods frequently fail to attain. Through continuous engagement
in digital marketing, firms generate and analyse large volumes of user-behaviour data
that reveal consumer preferences, pain points, and latent needs across markets [32]. As
noted in previous studies, these data-driven insights provide firms with concrete evi-
dence for product improvement and innovation. Consequently, CBEC indirectly promotes
innovation-boundary expansion by compelling firms to strengthen their digital market-
ing capabilities and leverage data analytics for innovation. Therefore, we propose the
following hypothesis:

H1la. Digital marketing capability mediates the relationship between the establishment of Compre-
hensive Cross-Border E-commerce Pilot Zones and firms’ innovation boundary expansion.

Second, CBEC reduces information asymmetry, a major obstacle to international
trade [20]. CBEC platforms improve transparency by providing detailed product informa-
tion, buyer reviews, and transaction records, thereby narrowing information gaps between
buyers and sellers. For firms, this improvement extends beyond customer interactions
to include a better understanding of global markets, enabling them to access information
on market size, competitor dynamics, technological trends, and regulatory developments.
Emerging technologies such as blockchain, as previously noted, mitigate information barri-
ers and significantly improve supply-chain transparency and traceability [5]. This reduction
in information asymmetry is in line with the Information Economics Theory, which high-
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lights the importance of reducing uncertainty and improving decision-making capabilities.
The decrease in information collection costs and the improvement in information quality
allow firms to make better-informed innovation decisions and identify new prospects for
innovation. Consequently, we suggest the following hypothesis:

H1b. The reduction in information asymmetry mediates the relationship between the establishment
of Comprehensive Cross-Border E-commerce Pilot Zones and firms’ innovation boundary expansion.

Third, CBECPZs facilitate technological spillovers among enterprises operating within
the zones. The pilot zones attract a varied range of cross-border e-commerce stakeholders,
including trading firms, logistics providers, digital platforms, and technology companies,
thereby creating an interconnected industrial ecosystem that promotes regular interactions
and facilitates knowledge exchange. According to industrial cluster theory, such spatial
proximity and industrial interconnection create favourable conditions for technology diffu-
sion and collective innovation. Within this environment, firms can acquire and assimilate
advanced technologies through both formal channels—such as joint R&D projects, strategic
alliances, and supply-chain collaborations—and informal mechanisms, including inter-firm
learning, labor mobility, and professional networking [33]. As emphasised in previous stud-
ies, leading firms in these ecosystems often act as technological anchors whose innovations
generate externalities that spill over to surrounding firms through demonstration, imitation,
and reverse engineering. These spillover processes facilitate the transfer of tacit knowledge,
enhance firms’ technological learning capabilities, and accelerate cumulative innovation.
Consequently, CBECPZs enhance technological spillovers that enable firms to overcome
internal knowledge constraints and extend their innovation boundaries. Therefore, we
propose the following hypothesis.

Hlc. Technological spillovers mediate the relationship between the establishment of Comprehensive
Cross-Border E-commerce Pilot Zones and firms’ innovation boundary expansion.

Fourth, CBEC drives firms to increase investment in human capital. The successful op-
eration of CBEC requires employees to possess diverse skill sets, including foreign language
proficiency, digital marketing competence, data analytics ability, and international legal
knowledge. To meet these demands, firms must recruit skilled professionals and provide
training to existing staff. As emphasised in the literature, human capital development
forms the foundation of firms’ absorptive capacity and innovation capability [34]. Highly
qualified employees are more capable of understanding complex global information, using
advanced digital tools, and generating creative solutions. Therefore, CBEC encourages
firms to build a strong talent base that supports broad and deep innovation activities,
ultimately contributing to the expansion of their innovation boundaries. Accordingly, we
propose the following hypothesis.

H1d. Human capital investment mediates the relationship between the establishment of Compre-
hensive Cross-Border E-commerce Pilot Zones and firms’ innovation boundary expansion.

3. Materials and Methods
3.1. Model Specification

China’s Comprehensive CBECPZs were constructed in numerous batches across years
and cities, making a multi-period DID approach ideal for identifying policy effects in



J. Theor. Appl. Electron. Commer. Res. 2025, 20, 358 7 of 20

staggered implementation settings. The baseline model follows the empirical methodology
in the literature [10]:

InnoBound; ;¢ = Bo + B1Treati;j x Period, + X700 + pi + A+ g (1)

where i denotes the firm, j the city, and f the year. InnoBound;;; represents the measure
of a firm’s innovation boundary expansion. Treati;; is a treatment-group dummy variable
that equals 1 if firm i is located in a city that was designated as a CBECPZS during the
sample period, and 0 otherwise. Period; is a post-policy dummy variable that takes the
value 1 for the years following the establishment of a CBECPZS in city j, and 0 otherwise.
The interaction term (Treati;; x Periody) effectively captures the treatment effect of the
CBECPZS policy. The coefficient represents the key parameter. The CBECPZS policy’s net
impact on businesses’ innovation boundary expansion is estimated. To support Hypothesis
H1, a significant positive §1 indicates that CBECPZs expand firms’ innovation boundaries.
The vector of firm-level control variables Xll',t'
At represent firm and year fixed effects, respectively, and ¢;; is the random error term.

including observable characteristics, y; and

This DID specification provides a rigorous identification framework by limiting time-
invariant firm heterogeneity and common macroeconomic shocks across years, allowing
a comprehensive examination of the CBECPZS policy’s causal implications on business
innovation performance.

3.2. Variable Selection
3.2.1. Dependent Variable

To identify the extent of firms’ technological diversification in patent applications, this
study follows the approach adopted in previous research and uses the number of patents
filed in new technological fields as a measure of firms’ innovation boundary expansion [7].
The calculation proceeds as follows. First, the International Patent Classification (IPC) is
employed to define technological fields. For each firm, all four-digit IPC codes from patents
filed up to year t are accumulated to construct a “technological stock.” Second, based on
whether the IPC code of a newly filed patent appears in the firm’s existing technological
stock, patents are categorized into new-field patents and existing-field patents. Specifically,
if none of the IPC codes associated with a newly filed patent have appeared in the firm’s
prior technological stock, the patent is identified as a new technological field patent (In-
noBound); otherwise, it is classified as an existing-field patent. This approach provides a
systematic and replicable way to measure firms’ expansion into new technological domains.

3.2.2. Independent Variable

The policy variable is constructed based on the official approval documents of the
State Council regarding the establishment of CBECPZs. A list of all pilot cities and their
respective approval years up to 2023 was manually compiled. If a firm is registered in a city
that became a CBECPZS in year ¢, it is regarded as part of the treatment group (Treat = 1)
from that year onward, with the corresponding post-policy indicator taking the value
Post = 1. The interaction term Treat x Post thus captures the exposure of a firm to the
CBECPZS policy and serves as the key explanatory variable in the DID estimation.

3.2.3. Control Variables

This study uses firm-level control variables often used in the literature [9,35] to reduce
confounding factors’ effects on regression findings. Firms’ fundamental traits, financial
performance, and governance structure are captured by these variables, which may greatly
impact innovation behavior. AGE is the natural logarithm of one plus the temporal differ-
ence between the statistical year and the firm’s founding year. The natural logarithm of total
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assets determines business size. Leverage ratio (LEV) is the ratio of total liabilities to total
assets, while ROE is net profit divided by shareholders” equity. Book-to-market ratio (BM)
is book value divided by market value. As the aggregate of the shareholding proportions
of the second to fifth largest shareholders divided by that of the largest shareholder, the
ownership balance (BALANCE) indicates equity limitation. The cash flow ratio (CASH-
FLOW) measures net cash flow from operating activities compared to total assets, while
the annual growth rate of operating revenue measures firm growth (GROWTH). These
variables control firm-specific attribute heterogeneity and strengthen empirical findings.

3.3. Data Sources

This analysis includes all listed A-share corporations on the Shanghai and Shenzhen
Stock Exchanges in China from 2010 to 2023. The Comprehensive Cross-Border E-commerce
Pilot Zones’ establishment and approval years were obtained from Chinese Government
statements on their website. The CSMAR (China Stock Market & Accounting Research)
database and the China National Research Data Service Platform (CNRDS) provided firm-
level financial and patent data for robust research. The China City Statistical Yearbook
presented city-level economic indicators. To assure data dependability and consistency,
the initial sample was processed according to these criteria. The investigation initially
excluded financial organizations due to their unique accounting standards and regulatory
contexts. Second, ST and *ST firms were intentionally excluded from the sample to eliminate
organizations with aberrant financial position. Third, severe missing data observations
were dropped. All continuous variables were winsorized at the 1st and 99th percentiles
to reduce outliers. After these operations, the balanced panel dataset has 4435 firms and
26,300 firm-year observations over 14 years.

Table 1 shows descriptive statistics for this research’s main variables. Table 1 shows
that Chinese listed companies’ innovation boundaries average 0.393 and have a standard
deviation of 0.251, indicating significant heterogeneity in technical innovation. As with
prior studies’ summary statistics, the remaining variables show that this paper’s dataset is
representative and comparable to empirical research.

Table 1. Descriptive statistics.

Variable Obs Mean Std. Min Max
InnoBound 26,300 0.393 0.251 0 1
Treat x Post 26,300 0.521 0.500 0 1

AGE 26,300 2.905 0.335 1.099 3.638
SIZE 26,300 22.16 1.264 19.85 26.51
ROE 26,300 0.0555 0.135 —1.412 0.375
LEV 26,300 0.400 0.195 0.0305 0.896
BM 26,300 0.613 0.239 0.0939 1.231
BALANCE 26,300 0.782 0.618 0.0178 3.100
GROWTH 26,300 0.149 0.316 —0.569 2.609
CASHFLOW 26,300 0.0489 0.0655 —0.169 0.267
4. Results

4.1. Benchmark Regression Results

Table 2 shows the benchmark regression results on CBECPZs and the firm’s innovation
boundary. Column (1) contains only firm and year fixed effects without control variables.
Column (2) keeps these fixed effects and adds firm- and year-level controls. Column
(3) also controls city and industry fixed effects to reduce bias from unobserved time-
invariant components at these levels. According to Table 2, the computed coefficients are
all significantly positive at the 1% level, demonstrating that CBECPZs enhance the number
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of patents awarded to enterprises in new technical domains, widening their innovation
limits. Table 2 shows that CBECPZs have promoted enterprises” technological innovation
and innovation frontiers, supporting Hypothesis H1.

Table 2. Benchmark regression results.

1) 2) (3)
InnoBound InnoBound InnoBound
Treat x Post 0.026 *** 0.025 *** 0.025 ***
(5.264) (5.143) (4.031)
AGE —0.034 —0.031
(—1.518) (—1.507)
SIZE 0.023 *** 0.023 ***
(5.501) (4.085)
ROE 0.005 0.005
(0.399) (0.405)
LEV —0.030 ** —0.030 *
(—1.965) (—1.689)
BM 0.004 0.004
(0.348) (0.275)
BALANCE 0.003 0.002
(0.546) (0.499)
GROWTH 0.004 0.004
(0.873) (0.769)
CASHFLOW —0.025 —0.026
(—0.954) (—0.891)
Constant 0.381 *** —0.014 —0.019
(136.841) (—0.138) (—0.140)
Id FE YES YES YES
Year FE YES YES YES
N 25,723 25,723 25,711
R2 0.508 0.509 0.509

Note: *, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively.

4.2. Robustness Tests

To ensure the reliability of the baseline results, a series of robustness checks were conducted.

4.2.1. Parallel Trend Test

Before policy implementation, the treatment and control groups must have identical
outcomes to ensure the validity of the DID model. This study uses an event-study strategy
to test the parallel trend assumption, following Jacobson et al. [36].

Figure 1 shows calculated coefficients and 95% confidence ranges for each period
before and after policy adoption. The coefficients for pre-policy periods (t < 0) show
insignificance and are close to zero, indicating no significant difference in innovation trends
between treatment and control groups before CBECPZs were established, supporting the
parallel trend assumption. After the policy was implemented (t > 0), the coefficients
showed a significant positive trend and increased over time, indicating that the policy had a
positive impact not only after the CBECPZs were established but also in subsequent years.

4.2.2. Placebo Test

Following earlier studies [37], we conducted a placebo test to rule out the possibility
that the CBECPZS policy’s innovation-promoting effect was due to omitted variables or
random shocks. The CBECPZS implementation schedule and list of treated firms were
randomly reassigned to create “false” treatment groups. The DID model was re-estimated
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and placebo coefficients recorded for each random assignment. With careful attention, this
technique was performed 1000 times to assess the empirical placebo coefficient distribution.

Figure 2 shows that these placebo replications yield symmetric coefficients around
zero that closely match a normal distribution. Instead, the baseline regression-derived
coefficient (0.025) is at the far right tail of this distribution. This shows that the baseline
results’ considerable positive effect was unlikely to have arisen fortuitously, confirming the
policy’s innovation-stimulating influence.

0.04 0.06
! ]

0.02
l

Dynamic Economic Effects of Policy
-0.02 0

-0.04
I

I I I I ! I I
-8 -7 -6 -5 -4 -3 -2
Policy Timing

-0.06
1

Figure 1. Parallel trend test results.

Distribution of Placebo Effects
150

100

Density

50

0_
-0.01 -0.005 0 0.005 0.01
Placebo DID Coefficient

Figure 2. Placebo test results.

4.2.3. PSM-DID Model

This study creates a control group with characteristics identical to the treatment firms
using Propensity Score Matching (PSM). To reduce sample selection bias, the DID model is
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re-estimated using the matched sample. Following previous studies, radius matching is
used to perform annual regressions for the control group to ensure that the treatment and
control groups share a common support assumption [38]. In Column (1) of Table 3, the core
explanatory variable co-efficient is positive, validating baseline regression. This supports
the crucial result that the CBECPZS policy’s positive effect on firms’ innovation boundary
expansion is not related to firm characteristics.

Table 3. Robustness tests.

(ol ) 3)
PSM-DID Double Machine Learning High-Dimensional Fixed Effects

Treat x Post 0.032 *** 0.026 *** 0.012 ***
(4.818) (5.273) (3.890)

Constant 0.059 —0.030 —0.034
(0.274) (—0.287) (—0.256)

N 14,313 25,723 26,300

R? 0.562 0.510 0.510

Note: *, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively.

4.2.4. Double Machine Learning

This study uses Double Machine Learning (DML) to strengthen causal estimation. This
method overcomes the “curse of dimensionality” in linear regression models by including
many control variables, resulting in more accurate causal effect estimates.

The estimated coefficient of the policy variable in Column (2) of Table 3 is strongly
positive, confirming the baseline regression results and demonstrating robustness across
model parameters. The CBECPZS policy’s innovation-promoting effect is resilient across
model specifications, supporting the fundamental conclusion.

4.2.5. Controlling for High-Dimensional Fixed Effects

We also use industry-year interaction fixed effects to control for cross-industry het-
erogeneity and omitted variable bias because industry-specific attributes may affect firms’
innovation boundaries. As seen in Column (3) of Table 3, the policy variable’s coefficient
remains positive, supporting the original findings with additional empirical evidence. After
controlling for high-dimensional unobserved heterogeneity, the CBECPZS policy’s benefi-
cial effect on businesses’ innovation boundary expansion remains statistically significant
and robust.

4.3. Endogeneity Test

To address the potential endogeneity issue arising from reverse causality in empirical
studies, and drawing on existing research [39], this paper employs an interaction term
between the number of telephone calls per 100 people in 1984 and the number of Internet
broadband users in the previous year for each city as an Instrumental Variable (IV). Table 4
reports the two-stage least squares (25LS) estimates using the IV method. The results
support the validity of the instrumental variable: the Kleibergen—Paap rk LM statistic
for the underidentification test is significant at the 1% level, rejecting the null hypothesis
of underidentification; the weak instrument test shows that the Cragg-Donald Wald F
statistic exceeds the critical value at the 10% level, thus rejecting the null hypothesis of
weak instruments. Column (1) presents the first-stage regression results, where the IV is
significantly and positively correlated with the cross-border e-commerce pilot, and the
F-statistic is well above the critical value of 10, indicating that the IV satisfies the relevance
condition. Column (2) shows the second-stage regression results, which indicate that, after
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addressing the endogeneity issue, cross-border e-commerce continues to have a significant
positive effect on the innovation boundary of enterprises.

Table 4. Endogeneity Analysis.

(1 2
Treat x Post InnoBound
v 0.000 ***
(7.919)
Treat x Post 0.271 ***
(2.760)
Id FE YES YES
Year FE YES YES
N 21,845 21,845
AdjR2 0.272
Kleibergen-Paap rk LM 62.575 ***
Cragg-Donald Wald F 62.712 [16.38]

Note: *, **, ** indicate significance at the 10%, 5%, and 1% levels, respectively.

4.4. Mechanism Analysis

To empirically test the four proposed mediating mechanisms—digital marketing
capability, information asymmetry reduction, technological spillovers, and human cap-
ital investment—this study constructs the following mediation models, following prior
research [40]:

Med; = Bo + B1Treati;j * Period, + Xj’, {0 e+ 7y g )

InnoBound;;+ = o + p1Treati;; * Period, + p Med; + Xj/,te +pe 75+ g 3

where Med;; represents the mediating variable, including digital marketing (InDMS),
information asymmetry (InfoAsym), technological spillovers (SpillTech), and human capital
investment (HCInvest). The empirical results are presented as follows.

4.4.1. Digital Marketing Channel

Following prior studies, we construct a composite index to measure firms’ digital
marketing capability, where a higher index indicates stronger proficiency in digital mar-
keting. As shown in Column (1) of Table 5, the establishment of CBECPZs significantly
enhances firms’ digital marketing capabilities. When digital marketing intensity and the
DID interaction term are jointly included in the regression (Column 2), the coefficient of
digital marketing remains significantly positive, while that of the interaction term decreases
in magnitude compared with the baseline regression. These findings suggest that digital
marketing serves as a partial mediating channel through which CBECPZs expand firms
innovation boundaries, validating Hypothesis Hla. This implies that firms strengthen their
digital marketing capabilities to adapt to CBEC operations, enabling more precise market
targeting and broader innovation boundary expansion.

’

Table 5. Mechanism Test: Digital Marketing and Information Asymmetry.

(1) (2) (3 @)
InDMS InnoBound InfoAsym InnoBound

Treat x Post 0.047 *** 0.026 *** —0.119 *** 0.030 ***
(3.295) (5.302) (—2.597) (5.148)
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Table 5. Cont.
) 2 3) @
InDMS InnoBound InfoAsym InnoBound
InDMS 0.008 ***
(3.415)
InfoAsym —0.002 **
(—2.259)
Constant —0.178 —0.057 0.411 —0.007
(—0.602) (—0.557) (0.422) (—0.059)
Id FE YES YES YES YES
Year FE YES YES YES YES
N 25,250 25,250 17,690 17,690
R2 0.732 0.511 0.327 0.553

Note: *, **, ** indicate significance at the 10%, 5%, and 1% levels, respectively.

4.4.2. Information Asymmetry Channel

We create an index to measure information asymmetry, with larger values indicating
more asymmetry [41]. Table 5’s Column (3) shows a substantial negative coefficient for the
interaction term (Treat x Post), indicating that CBECPZs considerably reduce information
asymmetry among enterprises. After including information asymmetry into the model
(Column 4), the coefficient of Treat x Post stays positive but decreases in size, whereas
the coefficient of information asymmetry is markedly negative. This supports Hypothesis
H1b by showing that CBECPZs increase enterprises’ innovation boundary expansion by
reducing information asymmetry.

4.4.3. Technological Spillover Channel

Following existing research [42,43], we measure technological spillovers by calculat-
ing the knowledge stock generated by firms” industry peers. The positive coefficient of
Treat x Post in Table 6 indicates that CBECPZS considerably enhances enterprises’ exposure
to technology spillovers (Column (1)). Despite a drop in Treat x Post compared to baseline
regression, both SpillTech and Treat x Post coefficients remain significant in Column (2).
This suggests that technological spillovers somewhat mediate the impact of CBECPZs on
innovation boundary expansion, supporting Hypothesis Hlc. Regional digital commerce
ecosystems promote technical upgrading and boundary extension by facilitating inter-firm
learning and knowledge transfer.

Table 6. Mechanism Test: Technological Spillover and Human Capital Investment.

) () 3 @

SpillTech InnoBound HClInvest InnoBound
Treat x Post 0.041 *** 0.024 *** 0.030 *** 0.024 ***
(2.690) (4.979) (2.834) (4.849)
SpillTech 0.017 ***
(4.909)
HClInvest 0.011 ***
(3.424)
Constant 20.668 *** —0.298 *** 1.816 *** —0.018
(63.821) (—2.622) (7.977) (—0.173)
Id FE YES YES YES YES
Year FE YES YES YES YES
N 24,369 24,369 25,412 25,412
R2 0.888 0.518 0.831 0.511

Note: *, **, ** indicate significance at the 10%, 5%, and 1% levels, respectively.
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4.4.4. Human Capital Investment Channel

Drawing upon previous studies [44], we employ a principal component analysis (PCA)
approach to construct a composite index of human capital investment, integrating four
indicators: the proportion of highly educated employees, R&D personnel ratio, technical
staff ratio, and revenue per employee. Column (3) of Table 6 shows that CBECPZs signifi-
cantly increase firms’ investment in human capital. When both Treat x Post and the human
capital index are included in the model (Column 4), their coefficients remain significantly
positive, while the magnitude of Treat x Post decreases relative to the baseline. This
finding confirms that human capital investment acts as an important mediating channel
through which CBECPZs promote firms’ innovation boundary expansion, providing strong
empirical support for Hypothesis H1ld.

4.5. Heterogeneity Analysis

The innovation effect of the CBECPZS policy may vary across firms depending on
their ownership structure, industry characteristics, and regional context.

4.5.1. Ownership Type

To examine this heterogeneity, we first classify the sample firms into state-owned
enterprises (SOEs) and non-state-owned enterprises (non-SOEs) and re-estimate the DID
model for each subgroup.

As shown in Table 7, the coefficient of the DID interaction term is larger and more
significant for non-SOEs than for SOEs. This suggests that the innovation-promoting effect
of CBECPZs is more pronounced among non-state-owned firms. A possible explanation
is that non-SOEs are generally more responsive to market dynamics and exhibit stronger
incentives to innovate, allowing them to more effectively seize the opportunities brought
by cross-border e-commerce. In contrast, SOEs may face more complex decision-making
processes and exhibit greater organizational inertia, which can dampen their innovation
responsiveness. This finding is consistent with previous studies [45], which also highlight
that ownership structure plays a moderating role in shaping firms’ innovation behavior
under policy shocks.

Table 7. Heterogeneity Analysis by Ownership Type.

) (2)
InnoBound (SOESs) InnoBound (non-SOEs)
Treat x Post 0.017 0.027 ***
(1.611) (4.110)
Constant 0.178 —0.210
(0.671) (—1.436)
Id FE YES YES
Year FE YES YES
N 7307 18,992
R2 0.043 0.021

Note: *, **, ** indicate significance at the 10%, 5%, and 1% levels, respectively.

4.5.2. Technological Characteristics

To examine technological heterogeneity across firms, the sample was further divided
into high-technology and non-high-technology enterprises. The results presented in Table 8
indicate that the CBECPZ policy exerts a markedly stronger positive effect on innovation
for high-technology firms than for their non-high-technology counterparts. This outcome
aligns with expectations, as high-tech enterprises generally possess a stronger knowledge
base, advanced R&D capacity, and higher absorptive capability, enabling them to better
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transform the technological, informational, and market opportunities brought by cross-
border e-commerce into tangible innovation outcomes [46].

Table 8. Heterogeneity Analysis by Technological Characteristics.

o)) 2
InnoBound (Non-High-Technology) InnoBound (High-Technology)
Treat x Post 0.023 ** 0.025 ***
(2.086) (5.089)
Constant —0.009 —0.323 ***
(—0.036) (—2.895)
Id FE YES YES
Year FE YES YES
N 8317 17,928
R2 0.033 0.019

Note: *, **, ** indicate significance at the 10%, 5%, and 1% levels, respectively.

4.5.3. Geographical Characteristics

To investigate regional heterogeneity, the firms were grouped according to their
registered locations in eastern, central, and western China. As shown in Table 9, the
estimated policy effect is most significant for firms located in the eastern region, while
the coefficients for the central and western regions are statistically insignificant. This
regional disparity may be attributed to differences in digital infrastructure, human-capital
endowment, marketization level, and industrial ecosystems [47]. The eastern region, with
its more mature e-commerce environment and better supporting institutions, provides a
fertile ground for policy implementation and the diffusion of innovation benefits generated
by cross-border e-commerce.

Table 9. Heterogeneity Analysis by Geographic Region.

(V)] (2 3
InnoBound (Eastern City) InnoBound (Central City) InnoBound (Western City)
Treat x Post 0.029 *** 0.020 0.007
(4.491) (1.359) (0.393)
Constant —-0.218 0.140 0.738 **
(—1.540) (0.479) (2.133)
Id FE YES YES YES
Year FE YES YES YES
N 19,351 4081 2851
R2 0.025 0.025 0.039

Note: *, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively.

5. Discussion

This study takes the establishment of China’s Cross-Border E-Commerce Compre-
hensive Pilot Zones as a quasi-natural experiment to systematically examine how the
development of cross-border e-commerce influences the expansion of firms’ innovation
boundaries and to uncover the underlying mechanisms of this influence. The empirical
results show that the creation of CBECPZs significantly promotes the broadening of corpo-
rate innovation boundaries, and this finding remains robust across multiple specification
and robustness checks. Further mechanism analysis indicates that cross-border e-commerce
contributes to innovation-boundary expansion primarily through four channels: enhancing
firms’ digital-marketing capabilities, reducing information asymmetry, facilitating techno-
logical spillovers, and stimulating human-capital investment. Collectively, these findings
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advance our understanding of the economic effects of cross-border e-commerce and pro-
vide valuable theoretical and policy implications for fostering corporate innovation in the
era of the digital economy.

5.1. Theoretical Contributions

First, this study extends the scope of research on the economic consequences of cross-
border e-commerce. Previous studies have primarily focused on the effects of cross-border
e-commerce on export performance [6,29], supply chain management [5,17], and consumer
behaviour [48,49], emphasising its complex implications within these areas. There is
limited research on how cross-border e-commerce stimulates significant organisational
transformation in innovation, particularly with the extension of enterprises” innovation
boundaries. The present findings provide empirical evidence that cross-border e-commerce
is a new kind of international trade and acts as a substantial driver of innovation. CBEC
assists companies in shifting from traditional internal R&D models to more open and
varied innovation frameworks by transcending geographical and organisational limitations.
This discovery offers a novel theoretical perspective on how international trade within the
digital economy alters enterprises’ fundamental competitiveness and innovation dynamics.

Second, this study enriches the literature on innovation-boundary theory. Traditionally,
innovation-boundary theory has focused on how organisations cross internal and external
boundaries to acquire knowledge and resources for innovation [11,12,14]. In recent years,
scholars have increasingly examined how digital transformation reshapes firms’ innovation
boundaries [7,15]. Building on this line of research, the present study contextualises this
broader theoretical trend within the specific setting of cross-border e-commerce, demon-
strating that as a concrete manifestation of digital trade, cross-border e-commerce serves
as an effective pathway for firms to expand their innovation boundaries. This finding
provides micro-level empirical evidence on how firms in the digital era leverage external
environmental changes to drive internal innovation transformation, thereby responding to
and extending ongoing discussions on open and permeable innovation boundaries [30,31].

Finally, this study deepens our understanding of how cross-border e-commerce ex-
pands firms’ innovation boundaries by identifying and empirically testing four key mediat-
ing mechanisms, thus opening the “black box” of this relationship. First, with regard to
digital marketing, the analysis confirms that cross-border e-commerce compels firms to
adopt advanced digital marketing strategies [50]. This enables them to capture diverse and
real-time feedback from global consumers, and such large-scale, instantaneous market infor-
mation becomes an important external knowledge source for product iteration and service
innovation. Second, in terms of information asymmetry, cross-border e-commerce plat-
forms act as information intermediaries that significantly reduce the informational barriers
between firms and foreign markets [2]. As a result, firms gain more direct and cost-effective
access to frontier technologies, design concepts, and business models, thereby stimulat-
ing cross-domain knowledge integration and innovation. Third, regarding technological
spillovers, firms participating in the cross-border e-commerce ecosystem—encompassing
platforms, logistics, payment systems, and marketing channels—are exposed to and able to
absorb advanced technologies and managerial practices from their partners, resulting in
substantial technological spillover effects. Fourth, in relation to human capital, operating
complex cross-border e-commerce activities requires employees with multifaceted skills in
areas such as digital technology, international trade, and data analytics. This requirement
compels firms to increase investment in human capital, thereby enhancing their absorptive
capacity and innovation potential. This finding also underscores the challenges that small
and medium-sized enterprises face in building human resources during digital transforma-
tion [51]. Taken together, these results provide a more granular explanation of the internal
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mechanisms through which cross-border e-commerce stimulates corporate innovation,
advancing research on the micro-foundations of digital trade and innovation.

5.2. Practical Implications

The findings of this study offer important practical implications for both policymakers
and business managers. First, the findings provide strong empirical support for policy-
makers to persistently advocate for and enhance China’s Comprehensive Cross-Border
E-Commerce Pilot Zones program. Our results suggest that the progression of cross-
border e-commerce serves as both a temporary technique for stabilising foreign trade
and a long-term systematic method for fostering industrial enhancement and innovation-
driven growth via sustainable development pathways. Consequently, it is essential for
the government to augment its support for cross-border e-commerce by improving “hard”
infrastructures, such as logistics and payment systems, while also cultivating a complemen-
tary “soft” environment that includes digital talent development, data security measures,
and data-sharing frameworks [52]. Moreover, policymakers should encourage the forma-
tion of an open and collaborative innovation ecosystem within the pilot zones, promoting
knowledge sharing and technological cooperation among platform firms, manufacturing
enterprises, and service providers. This will help maximise the technological spillover ef-
fects of the policy and, importantly, enable small and medium-sized enterprises to leverage
digital tools to enhance their cross-border e-commerce performance.

Second, for business managers, the key implication of this study is that cross-border
e-commerce should be regarded as a strategic engine for innovation rather than merely a
new sales channel. Firms should establish data-driven innovation processes, systematically
leveraging the vast amount of data generated from digital marketing activities and customer
interactions to identify global market trends and consumer pain points, and to quickly feed
this knowledge back into product development and design. In addition, enterprises need
to break down internal organisational barriers and build cross-departmental coordination
mechanisms to ensure that knowledge and information acquired from international mar-
kets can flow smoothly and be effectively absorbed within the organisation. Finally, firms
must elevate human-capital investment to a strategic priority by recruiting, training, and
motivating employees with both technological and business expertise. Building a multidis-
ciplinary workforce capable of integrating digital tools with global market understanding
is essential for competing in the era of globalisation and digital transformation [51].

5.3. Limitations and Future Research

This study offers significant contributions; nonetheless, it is crucial to acknowledge
certain shortcomings that indicate potential directions for further research. First, we ac-
knowledge that the geographic clustering of pilot zones may introduce sample biases, as
these regions have distinct characteristics such as infrastructure, regulatory support, and
industry clusters. Future research could examine how these regional factors influence
firm-level innovation and whether similar effects are found in other regions or countries.
Second, there are limitations in our measurement of innovation boundaries themselves.
The current study primarily relies on patent-based indicators—such as the breadth of
International Patent Classification (IPC) codes—to capture technological innovation bound-
aries. However, innovation boundaries are inherently multidimensional, encompassing
not only technological but also market and organisational dimensions. Future studies
could therefore adopt case studies or survey-based approaches to capture these broader
aspects, for instance by examining whether firms enter new market segments or adopt
novel business models. Third, caution must be applied when attempting to generalise these
findings beyond the Chinese context. Given that cross-border e-commerce may exhibit
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unique traits and impacts across different institutional and developmental contexts [18],
it is imperative to critically assess the generalizability of the findings when applied to
developed economies or other emerging markets. Thus, in future research on how cross-
border e-commerce affects enterprises’ innovation processes, comparative studies should
examine the moderating impacts of institutional environments, cultural contexts, and levels
of digital infrastructure.

6. Conclusions

In the context of global, digitally enabled changes in economic activity, cross-border
e-commerce has emerged as a crucial driver of innovation in international trade. This study
seeks to examine the degree to which—and the mechanisms by which—the creation of
China’s Cross-Border E-Commerce Pilot Zones fosters innovation at the company level.
The empirical results, obtained from a multi-period difference-in-differences model and
data on Chinese publicly listed companies, indicate that the establishment of CBECPZs
significantly increases the number of patents filed by firms in emerging technological
sectors, thereby expanding their innovation frontiers. Subsequent analysis reveals that this
beneficial effect operates primarily through four mechanisms: enhancing enterprises’ digital
marketing competencies, reducing information asymmetry, promoting technical spillovers,
and stimulating investment in human capital. The CBECPZ strategy significantly enhances
innovation, especially among non-state-owned enterprises, high-technology firms, and
those located in China’s eastern cities.
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